m 



KOREAN PATENT ABSTRACTS 

(ll)Publication 

1020040059009 A 

number: 

(43)Date of publication of application: 
05.07.2004 

(21) Application 1020020085533 (71)Applicant: 
number: 

(22) Date of filing: 27.12.2002 

(72)Inventor: 

(51)Int. CI G11C 11/22 

(54) INTERLEAVER CONTROL DEVICE USING NONVOLATILE FERROELECTRIC 
MEMORY 

(57) Abstract: 

PURPOSE: An interleaver control device using a nonvolatile ferroelectric memory is 
provided to reduce a system access latency time by a row access time and a restore 
time by performing an interleaver program using the nonvolatile ferroelectric memory 
chip. 

CONSTITUTION: A single chip FRAM array comprises a plurality of single banks. A 
memory interleaver control part(40) programs a code for memory interleaver control, 
and changes an address path of the single chip FRAM array according to a programmed 
code. A bus exchanges mutual data between the single chip FRAM array and the 
memory interleaver control part. 
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^ WLo) «W A o ve))-i- -fM*}jl SI^ ^^HM sH^ #31°lS ef°J PL<Hl-b aHIs ^7i£] sf 
o) a)^ <33 ^?Vfi] 5.-?- a] $_ 7 \ °}7}Qc}. -tisHs} 1 JE-b 01- ^i7l sfl^ u|JEe)-°l BL°1] 

±i7l «?MH-i- ^SL°\) ^7]E]fe Sj-ol ^IJll- °J7>*1-^. °lnfl. 'tfl^i'SS. ^Hl" US. SEN-gr *H 

alE£)-oi B L°fl ^!Jl7l- °17}S\3. #Efl°)B efo] PL<H1 °J7]-E]fe £--^°}& #-R-*l*ll -7fl2flAlEl FCl^l 
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A)7ioll ^^^J- Al^(Hel^l Al7})0) ^7>Slol C-l Al^Jol 
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^Al) uflfiEll- ifl-5l-c I | u\]S.S] °]Eiel U. ^o)f ^SV3Ef =5.3.^ Sfoj, S=<H| tt}-^- o]c e fli ^ s 

» "Se) v§3. °]E-]2]y. FRAM cHeflo]^, Dflaa] 7fl<>|Ai ^o)) tt)-E}. ^e] ^ 3 o} E ^u FRAM ^o] 

Ef/^HAl^/o^c ellif Aienai o.^. ^Hs)-^ v\]s.b] ^}o]^-q\-, <gE] *$3. 9±z]£\*L FRAM ^Eflolsj- D)|a.e) jfto]* 

^ l^e] a 4^ AjAjo,)^, 1-fl^-Aj ^|£el# ol-g-efoi, <y^s]^ c-iioiEf/^H/oicEfl^on ^ o] E -1e] 

E-)o)| o]gfl *g.ZL&Q xLB.o\) c4e)- ^-^71)2) »Jat ^"HlSl-ir »)|£Bl ^ <H2fl 0 ]^ ^^.^1^ ^ S« ^^5>7) ^ *}• ^| 
^^l3L» #3sHr °jE^ti. 71H-^1- ^Hl^-lr t^AS i&cK 
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^ 4*°H^ 1^ ol^Eflii ^a1s)-ji, <H^5l|i alH-S^l 2)*1] *V 2|)ol^ vflo) tt ].olE S. o] o) e^o) 

cflolEl- B^A-o)) ^E]7l| SJC)-. 
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^eflii alBl-ol nflael 9jEle) ^ o,^] Aj-g-^nf. zl cf-8- MSB(Most Significant BitialAj-^) 
olsell^ »|Efol ^^l*}-cK 

c 6 o. #_ .rttgo] n|)2.E| ^oflA-) o|£E|A ^o)] cc).=. <^ = efl ^ A] ^ u|-Ef^Cl-. 

■a^, ^ °]H5||ad}-^ c4j^|^ ^-2-0)1^. Ajl^oHS Bflol^l *]&\o\] 7^AJ-^ D)|olE} 7 > U>a. ^ o|7l 0)]^.^ 

7># <^]Afl^ Al7_Vo) i^slnl-. 
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*\i}(3_°_ e1M<S4 7.j7j-)°] ^-S^c-h 

SEth °1|SLE) <2"4^ ^.3. Afol-f-g. oiliei ^ aijai aj-jgoflAi ^s]^oi ^ c)]oiEfl- &1-o|es)-^ ^ 

s]|o):aV ^.4. oj e -|&V A]^-g. ^&)4*](Precharge) 4 4°1 4 1£ sH, H o] t.]]4*}- sIM^a] 
a|^>o1 ^ 7 }s. d) iii-44. 

°144 44^1 »|£Eli 4°m-§: 9lo]^, 4?14 4°1 3-9- £1«H #*I1 4£r°l 4 

£4. ^-S- ^^efl^il- ^^|is}7l 3<5lM-b s.^ ^/-fl^ Aj^oj gfcf. nelJL, S..2. cH^efl^ ^-44^- 
c^^efl^ov 4^ ^ -°, ^3 <aj^)^ ai^-o] ^7]-^ 0.5. ^.s.44. 

i&4. 5.5. <H5Lsfliofl cfl-g-S^ ^ ojHel]^)- <33H):iSH, cf-g. S.o^ o|£i)|iS >S4* 34, 7fl*l 

4 4 0 147-| 7.1 #4 44°) ^^.s)-cK tt)-a)-A^ o^efliofl cfltr =^44 44<*] 

44 ^l]^ A)-Ol^ A|#Ol ^^fc}.. 

4&1-4, 4^ 4 4#4 <HJ=3]ifi| 444°} 4 fae} 4e]e) h. s.^*} 0.5. 4°14-!l.£-4 s.o. oji 

eflojElAls} ^^^J- efloj^Al A]^ ^ ol£S. ^cf. 
£ 74 4 t^l 4$ 444*fl "il-S-el-l- °144 4Eie]j± #*|°} ^t=o]c)-. 

4 4^4 CPUCCentral Processing Unit;^4 ^1<H 4*1;10)4, A 1^ E ^ ^l<>|-?-(20)Sf, PCKPeripheral Component 
Interface;^ 4i4 44 n°]±.)*>] i(30)4. "11-2-E-l 4e1e] ii 7lH -^(Memory Interleave controller;40)4, 4^ ^ 
(Single chip) FRAM el|°](50) ^ a^(60)# 4444. °144. A o'# ^ FRAM 4 zfl °](50)fe- 447flSj cf^} fa 
#(51,52)* 4^144. 

CPU(10)^ ^li^ 444(20)4 44£H 4^ E 3 -§-2j-ofl ^^.&v -S-*!-!-!- ^l^^cf. Al^ai ^|<H^.(20)^ PCI iHi 
(30)1- #«D °I|ie| °lEls] u. -¥-(40)4 cflolE}-!- 5l^-*Vcf. 

ztelJi, nflisl ojE^e) u. ^H^-(40)^ ^^eI1^/c)|o]e]-/^1<H tHii(60)# -f- ^ FRAM °-| *i] °1 (50) ^4 

71)^1 U J 3(51,52)4 31 o)4-t- ^fttr4. 

£ £ 7^1 °fl£.5l °jEl£la ^)l«H : ¥-(40)4 A oM| 44\H4. 

^]Ele] «. ^lcH-¥-(40)^- -i-flt^ °lEielu_ e.5L=l^ ^]^]iEl(41)4 ?lE^e|H. ^1<>|^-(42)1- ^4^4- ^) 
JL, u\)5-B] °jEie)H ^)|cH«(40)2f, A]>i^ ^}o]^-(20)^ cH|olEl- tH^(31), ^]<H «1^(32) 5! <>1^eflii 4^(33)1- -f- 

^44, Irfl*^ 4E1E1U. 2 S a| 3]*l^EK4l)fe ^l^f^ 4Eieia ^o]^. 

52 = 1- =Snasf4. olEiej u. ^o]«-(42)fe ^Ei^u. E.S.=l^ Efl4^Ei(41)o)l ^4 =5.^5"^ S = <H] 

44 4'^- ^ FRAM <>| efl°](50)£] 4^=fl^ 'STg^-c}-. 

£ 9^r ^ 4# 4-n-^i4 o]^-^. o]Eie|u. ^*]g\ v\% ^X\<^o]^\, 

SL 9^1 ^Hi- £ 70] ^.Ajoi] ujofl ui i a FRAM 4 2fl°l(70)l- ^a)tb4^ ^ °) 4°144. 

4e] fa FRAM <>l£flol(70)^ FRAM^-5- °l^-44 B 53l-(71,72)* 4^71] ^-ul*}-4. 44^1 4e| f 

3lr(71,72)-£r 4^^15.5. *4* ^ S J4^ 4^4 "11.E.E1 ^^°14. 4e] fa FRAM <H eflol(70)^ 4^efl^/^l°l 
4/^)<>1 ^^(60)1- ^44°1 4444. 

£ 104 £ 9^1 Di]s.el °]Eiel a. 4<HY(40)2] 4E4J14. 

nflJELe] <y E i&i u. >tflcH-?.(40)^ -i-?144 4EiEl tl s^1^e-|(41)4 44e] a. ^}o]^.(42m 4«144. ^e) 

Jl, QfliEl 4E-)E] u. 7fl<H«.(40)^- c-flolE)- tH^Oi), x^ iH^(32) ^ ^c Efli ^^(33)1- -f-slj A)^aj ^]<>l-?-(20) 
^ c-1|olEfl- H«-tb4. 
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<*|7H. *$tU:^ a. e1 i^^ e1 ( 41 )^ -g-$|t^ 7j%.#*]} u)\s.s]m. oi-g-sM o! E -) e )u ^Hl- 

E-sL^S^z.}. ^Elela. ^lH-¥-(42)fe °Je^U & ^&|(41H| ^sfl ^.sL^s) 2 co|| 

tt)-£|- »JH FRAM »HM(70)2] <HJ£sfl^ ^t^K 

i 11-g- i I0°fl^1 'Se] ",33.(71)2} ^Ml tMS* M-E^K 

■gE) °5a(71)^ 4^7H2] FeRAM HSH^* ^lt^k FeRAM u |3-l-8r ^ =efl^/c)io|E]- 7fl<>| tHi(73) 

£ 12^b £ 10°ti M-Ef'd! "§^(71)2) cj-g. ^a]o)1o1c}-. 

HE) u <53(71)^ ^-^7112] FeRAM H 5a.l-i- t^]^. ^7U2l FeRAM H 53.-l-^r <H i=efl^/H| o) e| 7 flo| tH^(73) 
* ^-fr^K ^ElJl, °1)J2-3 tlEiel^. 7lH-?-(80)-I- EH ^-t))g)-<^ ^7fl2] ReRAM ^3^-2] °lEl&| u. ^*|-g- 

i 13-fr £ 122) nfliE] oje^ b. ^l»l^-(80)2l >3-xfl ^-Aj-g. H-e^i}. 

sfl-E-E) <yE^e] h. «.(80)^ 9JE^ a. ^l<H-^(81)2f tlEielJEL £Sa^ 31*1 iE] (82)1- ^«]*Vcf. 

■^H. i-fl^ °]E-jejtL efl^l^EK82)^ ^-B-^i^l "HS-Ellr °1-§-sH ^e-IeIh. 

HSzt^tl-cf. o)E]el u. ^]o|«.(8l)^ -yE-lElu. 5.5.^.^ efl*l>iEK82)°fl 2]^fl =£n^sj ^H.ofl 

ct)-E)- ^7)|2] FeRAM U J3#2] ci£E]|i ^^}. 

£ 14 -Hr l^ofl *fllH3 Tj-^-^^l ^iall- o]^-*V o]e1e) w #)o] #z]2] <£ AjAlofloli}. 

£ 142] ^Aloj]^, CPU(100)2f, Ai^Efl ^)<H«-(no)2)-, PCItH^(120)2V, oflael 7lH-f( 130)2]-, -gEl «§a. 9jEie} 
«. FRAM <Hsfl°l(140) ^ iH^(150)l- ^al^ln}-. opH, He] «1J3. 9jE^e) h. FRAM ^ eflol(140)fe ^^r^2] l)E] 
»$3. °lEiE]H(i 41il 42)-i- ^Hl*Vt:K 

CPU(100)^ ^l^efl *)H-*ji.(ii0)2f <g^£|ol ^*H1 i!J3_*l -S^l-* ^HSt"}. Al^ai ^ Jf(no)^ PCI 

^i(120)» -f-sfl °flS-El ^H-?-(130)2f tH] o| Ef 1- S^SM}. 

ziEjji, DfliE) ^|ol^.(i30)^ cHSeflii/c)|o)El-/^lcH ^^(150)1- -f-sfl ^e] *$3. <?lE-1e)a FRAM <H 5)| °] (140) Ml 
°1 4^7fl2l El < aElela(141,142)»sl- c1]o|e|1- S^tb^. 

^7lA-) t d)1s.£) ^]<>|-?-(i30)fe °fl£.e) 9jE]e)H. ^3^7} t£S ^fecf. ^.e]ji, ^e] aja. t!E-|el h. FRAM 

<H£fl°l(14) tfl2l z\-z^9] ^E] °]E^ fcKl41,142)°fl*1 t£2| ole-je] h. oi^. *fl<>l-<B-c}-. 

*1^, £. 15^ ^T^2) AjAl^S.o)lAi 9jE-]e)^ =SZLS» 2)|^|^Eio)] Aj-^| ZjL^^olc}-. 

*fllMd "ilElela efl^l^E^ ESa^ ^^-¥-(160)21-, sfl^^Ei ^l<>1-*f( 170)2)-, s\ 

5. -¥-(180) ^ *g.zL*g efl^Ei ^sfl^KlOO)!- ^-«lt!: c K 

<^7lA-), *g.ZL& ^El-?-(160)^ Ef«| e oloflol^- a]^ WEB2f, ^] ^]<Hlo|l- -tlJl CEB2}-, oj^ol^- Al^ 

OEB ^ si ^aJj: RESETS of-ef E.S.ZL*g ^^^0) CMD1- #^4. 

S.S.=L^ z)\x]+B\ ^H-?-(170)fe ^^^l^-CMD, <g ^#Ai iPU p ^ cllolEl-DGLnl- Ef 
7iHA)j: ENW ^ ^ *el|ole aij: CPL# fr^tFcf. 

e1|^>iE-| <H E flol(i90)^- °l°fl°ll- ^IJ: ENP, i-cf-Sr ?I °1) °1 # ^1^ ENN, e}o!e ^|<>| ENW ^ 
-S l-Bfl°lB CPL°11 14 7flo)Ai ^ RE_m,REB_m# 

al^l! S)S.-?-(180)^ ^ ^^1 el^l aij: RESET* =^.^1^ efl*l^E| 7fl<>l ^-(170)^1 #^«-cf. 

^lEitl ^-g- ^ ^^^r, S5.ZL^ tg^ A-l E) ¥-(160)^)7.1 A)Jr C MD ^^s)-^, 5l|^iE-l 7fl^ «. 

(170)-!r £13=S efl^l^E-1 oi^|o|(i90)2l E.S.=L^2] ^3) ^(Configure) M|o|e1-1- v^Tjx-} -M^sMl 
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44, eH! s|.?_4(180)4 4-9-1 w A ] o) | e ]Ajj RESET* 4-^44 = 3.zz.ig e^liiEi ^-(170)* #4444 
4. °WI. = S^«g Efl^^Ei *I|44(170)<>IM -fr^s) ^cH-tlil-a. s^ja el]*)^-) 4 3) o] ( 1 90 )4 cfl 
o)Ef» 2,7| SI- 4*c)47] S)4 ^|x)^Ei f-4 4 JHrO]C>. 

£ 16-8- S- 15^1 a^zi^ 45-14(160411 44 4*fl £\3.5.o]t±. 

HSa« *)«M-¥-(160)fe feel -¥-(161)4, 1111-1-4(162) £ 5L4 £#(Over toggle) 4*l-¥-(163)-t ^«144. 

°i44. fcEl¥-(161)fe ^of^o] e NOR14, °vH^-7)iolE AD1.AD2 4 ^ ^ ivi-g- 4*144. ^°}-71|o)e NORlfe 
4°lS 4°fl°]l- 43 WEB4 4 4<Hl4-& 45: CEB-t- in4 4444. ^tIMe ADl-fe JE N0R12) 

454 #3 All: OEB# °Hi=4444. 0 JiH7llolE A D2fe ^<4t1|o|e NORl^l #345., 4»1e1 ivi^] 

^sfl 444 21-a 1 43. RESET ^ .2.tH 4^14(163)4 t^-tls* <?Hh.4444. 

^sU. 13114(162)4 447l|2l FF4 4444. 447B4 1^11 FF4 i-47fl4l= N0R12] f^Aj 

Jn 7 j- oj^Slfe d|°14 oja d2 |. *_,= q7 |. a-]e. zi^a. <£^s\<>\ #acj-^. -f-sH Alj: CMD-f- #344 
. FF4 °Ji^7llolE ADl^Eie] 4431-44 45:71- ojas]H ^.c cp£) . °fl:=7l|o]E AD2S4421 el-iJ) 

457J- SJ^sjfe sl-Jfli^E. Rt- ^144. 

°l7|4. #^f~f- FF4 icJ= cpoflfe 4 4°H44 45. CEB ?! 4°lH 4°fl°l-l- 45: WEB7> S-f 4 4 E H °1] 4 #3 
<il<H|ol^- aJj^ 0EB7]- °J344. ^-alJl, H-Ull FF4 el^^-H. Rfe- 4 4oH°)-I- 43: C EB ^ 4°lH °) ^ a] 
5 WEB <HJ= 4°) 4 34 ^-4 45:7} ^344 el 3144. £ft 44 44<H1 el 3] 45. RESET7} 444 

44°1)4 1311 FF°1 el^44. 

£4, .2.1*1 44-r-(163)fe ^45. CMD4 #3 4<H)4-i- 45: OEB1- <?H^444fe <?H.^7flojE AD34 4 u 1 
44. -2-*H 4*)4(163)fe #3 4°1)41 -tl^ 0EB7f si^-f- ^440^ o^tH e.^-o] aj-^s}. ^ o. 

^1-1-4(162)1- el^Al^cf. 

444, 44^ = si? 4^4(160)21 S# 4^fe 4^ 4€- <U:°| 4^4 4444. 
£ 174 £ 1621 l-^-#4 FF°1] 44 44 4s.-£oi4. 

41144 FF4 4#7i]oiE ti~T44, ^4t114s NOR1.N024, 444 iV2~lV7-§- ^144. 444, 444 IV2 
fe cp^l 4444 ti]44J: Al- #^4^, 4«1e1 IV34 44^i IV24 #^4^1- 4444 ^1443: B 

# #^44. 

4^7flc»iE T1 o. ^|o]a) A ,B4 4eH°11 44 444 IV4<>l| sisfl 444 "a^^H. del #^4^# 4^^1-2.e_ #^ 
44. ic47l|olH NOR14 44E1 IV5S1 #^43:4 bI^^^ rs] #^4^* in44444 4^t)1o1e T2 o\] 
44. 

4^7)1o1e T2 ^ ^144ji a.B4 43H1 44 ^47)1°!^ N0R14 4sj45i* 4^^0.5. #^44. 

4^t1)o|e T3 ^. 7)14451 A.B4 44 4»1E1 IV52) #^4Ji» 4^^^ #§144. ^4t114JE NOR2fe 

4*7flolE ^aAj^csi- 4^^= R o^ ^^ai^^. ^oj-<gAV*)-4. 01^^ IV 64 ic44°m NOR221 #^45: 
1- 444°i 4^?fl 0 lB T4<H1 #344. 

4^t1]o|e T4 ^ ^i<^ai^ a.BSI 43H1 44 444 IV6el #^45H- 4^3 #^44. 444 IV74 ^°l-7fl 
°1H NOR2al fr^4J:l- 4444 q°ll #^44. 

444. d5.4E-) ^Slfe CflolEffe i^S. cp# -f-Sfl <y^Slfe 7fl44^7f 44 S^^aHal-C). O^^-^O.^. 

°1-S-4t1) 44. olafl, el-A'^s R<>11 43:4 ^^4 4-t- q°llfe s.-f 43:4 #^^14 #41-1 FF°1 

el^i! 4EH4 44. 

£ 184 =-sL^3» ^ ^sl4(l6)2] *4 4^4 4^44 44 S4014. 

4^i, ais] 44<H14fe 44°fl 0 ll- 43: CEB, 4°m 4°H°11- 43. WEB7> s.4 4eH# 4^144. ^eli, # 
a ojoilol-i- Aij: QEB7> n4 -g^Hlfe ^^45 CMD?} r.)^o)]o]^. 4*1*14. 
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<H7H, <y^]|o]^ ai^ oeb^I s# fl^t ^-fofl^. z]« ^^^.g- ff^ tj^m- zz$*}7\] sick 

H^n^ sfl^l^Ei ^H^-(17)^- n*l*l] ^^Ji n.CMD^f °J ^ 3) °] Ej- DQ_n# <*E^<S^1"& <fflH.7ll o]e A D41- 
•^til^c]-. iv8-IV10fe ^HTflol e AD4^1 *l<a*b4. 

ic^f7]|o|E NOR2fe <2?^t)M.E AD4^1 #^a]j£.4 ojt^Ei IV 10^1 W^tb*}. IVll,IV12fe 

NOR2^ #^j>il3:» ^l^s-H XI <H <J£ ENW# 

^^>f7l]o|E NOR3^ NOR2^ #^51^ 3^ «g ^#^31 PUPS fr^^r^f. °J^Hi IV13 

~IV15tt lr.o)-7)jol e NOR3B] #^>tl^» *l<d*M A i #3M-E -Si CPL* #^4- 

^H, Jfl4| <a ^#-tl^PUP^^7]a) 5]>5JA1 efl*l^EH) tH|o]Ef# elH^oi^Lofl cfA] efl^l^Ell- 

71 fl^XM-SA^c)-. 

rHd*( n_CMD7]- *>ols. «>y* « o]^: <a^jflH* °l-g-^H <y ^ cfl o] E f DQ_n* S^a) 7] £ , *j ^(17 

1)^ ^05 a)^V ov # o^ g-t^fr £-2- e|olH x| oi Alj: ENW ^ 4 #eflo]E a] x CPL7> ^^4. 

£ 20* £ HSiifl efl^l^B) <Heflol(i90H ^ ^^^^14- 

E^a? + cHeflo}(i90)^ ^^fPl^, ^^^-(191)^, X|<H^-(192)^ f #**IX| 

^^^1^^(193)^-, ^^(194) 3? tHf^ N5* t^I^i}. 

# ENP7f o]7]-£]^ PMOSB^l^El Pl# 7-w]^-cf. 

7^(191)^ eD^l PMOSH^l^E] P2,P3* ^ltW. PMOSH«*l^E] P2^ XMe^ PMOSH^l ^ 

El P3^ Hefl«J] ^-7)-^- <g^£] JL, PMOS^^l^ P3^ t1)o]e^ PMOSHqfl^l^ P2^) ^efl<y ^f^- ^^^4. 

efoiH ^cHiol^- »i «-(i92)^ NMOS^^^l^ei N1.N2* ^ti]^. NMOSH^^^e-] Nl^ el^^lJ: RESET °J 

PMOSM^l^l^Ei P29] H.efl<y ^_>7f Afoja]] <S^S]^ 7]]o}^_ x^x}^ ^ 5}<^1H ^1^ ^Jl ENW7} ?l7l-^Cf 

. NMOSH ^«7]^Ei N2^ ^l-E ^JJ: SET^}- PMOS^^Ei P3^ #7} *}o]o\] <£^s\o] t\]o]b. S"7># -f 

efo] e ^]<^ ai^ ENW71- °l7}-4gq-. 

5fl^^lEl^(193)fe ^sfl^lE-] FC1~FC4# ^ttl^tf. rm*]*] FCl^ <£&°] icJ= CN1 

^ ^^5] jl cj-s. ^cj:^- f-sfl >a -i-el]o] e a] CPL7> ^71-^c}. ^-fr^xl] ^sJWeI FC2^ IcH. CN2^- ^ 

zielJi, 7j-o.^^] 7j) 3}) a| e] FC3^- i^H. CNl^l- ^^l^i^ >M-°H1 Q-fr^} FC4fe CN2^- 

^^l^fl-^^H ^^^4- ^7]a^ 7£$-*m FC3,FC4^ H <S=^31 efl^ ^^ofl icj-ef a}^^^ 

~7>£M 4** 544. 

Stt, 7-^(194)^ efl^l NMOS^^l^E-) N3.N4* 7*] tKh NMOSH^^l^E-) N3^ ic^ CNl^- NMO 

SM^7] A.E] N5^ B.z]}°) ^7} *}o]6\] ^^Sjo) 71] ol E ^7)-7> NMOS^^l^E] N4^ ^^1^1 ^7>Sf ^^^]cf. ZL 
^ Jl, NMOS^^l^l^Ei N4^r CN2^ NMOS^^7]^e-] N5^1 ^efl^] *}o]o\] °l^S)o] ^0} e cj^j. 7 > NM 

#4* 7-^41 7f N5fe MOS-E^H^l^Ei N3. ^ NMOSH^E^^e] N4^ ^f- ^ VSS °J7]-^ aJ-o] 

SL?h ^^.Zl^ efl^l^Ei o^^ol(i90)^ ^ ^l^A]^ RE_m, RE_m # #3^4. 

tb^, S. 21* -S- ^€ ^J^lofl ^-^^.^ ^cHa t^lEff ^^j^H Efo]nji£olcf. 
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«d*i 3)-*] ^ Tl^-^HM VCC efl'i 0 !) el RESET7)- ci^ofl o]m.s] jl, 

o|^oil, 3).^] <y PUPS] <ilo||o)-g-o|l [4H.I- >fl i-Eflol e Als. CPL7> sfols. €°l?t4. °1 a H , sfl*l^ 

El <Higiol(i90)3] #-8-31*11 7||iil]AjEi FCl.FC2°fl 31*1-7} Tj-S-^^l 7llsllAlEi FC3.FC421 fljflMfi^ = 

Sl«« € 0 o k <L> ^, CNl^f CN2°fl £°J-a}» ft^-M *!=!-. 

t = o) <§-g-6l *J°J-*}7|- 1}-^*Hr T2^*H1 #4* °JoIloll- <i±ZL ENN7f f;}°]3. 9l°\) 0 \SrS]3-. 

»<3 °Jotl°ll- -tli ENPS. Ul^o))o|£-5)ol ^ o o lc_V2j 0)0) Eff s-S-s}. 711 ^cf. 

oi^oii, T3^^oii *i«g*H >t o 0 kcfo] dioiEj- ^#o) ^Efg, <a ^#^1^. pup a A -a #n<>15. cpl# 

Cj-Al S-fS. "4^1. 4*l£l5S<2 #-3-^*11 7W^lEl FC1 SE^ 7 o V0-^^) -7H2flA)E^ FC22) *l-ol c||o)El-l- 

cfA) J-j-^-SMl £4. olnfl, Ej-o]e a] J: ENWfe S-f ^Efl-f- -fr^sH sqjjL D)|o|El-7l- cJ-a] eWes)^. ^-f- wj- 

^l*lc>. 

5L 22fe t^sl 5.3-^ *^1 n^i^fl ^^^1^ n_CMD7> is\°]S. *^Sf=l °l^o)) 3|*1^eH ^3.0. 

cflolEfl: >J)E5l. 7 | ^ Efoln o l i# ufEfMi^. 

-d^l. n«l*l) n_CMD7l- 0>}o]S. oj^oll-sl ^ oJ^aI^o] 7]^, Ajle a]j- SET> eI^IaI^ RESET7V <y a 

^4. nEli, cl|olEl- oj/^a Bflc^^E^ oj 7 ).5|^ oja ojolel- DQ_n7> «1-o]<H]a^ ^iofloH-E)ia 

Al-ol^-ol Alij-5]^ efl^^E^ofl Afl5.-g- C^olEfl- Et-ojE f;} 7 ] ^ *V Ej-ojE ^o] A]± £NW ^ it f-Sl]o)E Al J: CPL 
7> ^ ol*l-c)-. 

°l°fl, #4-8: °JolH-|- lis- ENNfe sl-ol Aj-Efl^ -R-a1<s}-JL, -^o] olcHlo]^- Alj: ENP-c- S.^- -£6H# -fM<&4. 

= 5.^ 3)*1^&) ^H-?-(170)o)l ^li n_CMD7> ^M-^. ^-f ^5.^.^ "^^ ^^¥-(16 

0)5L^-B]2] Al^-^-ojol ^clSlol, dolA o V ^ ^ ol ojas)^ ^fl °11 •*! E.S.OL^ =r °i7fl €4- 



t^sl Ji^l- 

FeRAM '^-i- o)^-*V DflaE) o]E|sl u. ^-2:5.^ «l-§-7l FeRAM S^r *7l FeRAM°ll olH.Efli 

^^-ofl tq-Ej- n)l2-El o]ElEl.>± ^^V* ^-^^ O.^. ^1H*>- ^ °l7ll 

-t^ll. "fl 4 «8a FeRAM ^1- oj-g-si; pfliEl ojEls] tL ^2l^ a]^-7] FeRAM S£^r -§-71 FeRAM°)l ^j-g-^Qj o^h. 
efl^ #^-ofl nfEl- ^2.e) olE^El a. -f-^* =-^^0.3. *lHf}- ^ 01^ ^4 

■Jl!^. ^4 u 52 oJe-Ie) a. FeRAM o]-g-*V u\]sl^ o] E ^ h fii^ ^El^a FeRAM ^14 Ul-f-oi| oIe-Ie] u. 
141^4 o^ = efl>i #^-o)l tcj-s}- nflla. E) oJe^eI «. ^^l"* ^Ht =r SJl »1 €4. 

OjE^el U. Efl^l^E^l £fl ^ iEi # Aj-g-tg- 0_ S ^) ^^2] OH/|o)n 

ZL?g E))olE}-7> ^AjSl^l S^S.^- «-4. 



(57) ^-7-3-1 'S^H 

^-^t- 711 31 'il »93* ^ FRAM °i 5)1 °1 ; 

fflS-El ojE-lEl a. ^Hf ^1*1 ^H.# =5.ZL^s>Jl, SS.a^^ ^Sofl cr|-E> -#7) <$ # ^ FRAM 4el)ol^ o|c.sl|^ 

^S.E] o}E)E)tl ^H-^.; * 

^ V 7] ^1^- ^ FRAM 4El|Ol2}- A 0 V 7 | o)lJE.El OJEIE) a. 7flo]^- AfojollAi A C V^ Cj]o)El-l- 3^1-71 4* »1 ^* T-Ul^"*- 

^•^1^5. tsmt^a 7 o-a-^^i ^is-eh- oi*^ o^Eia. ^-^). 
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H 3X*>\*\. -4M °i)-2-a) °J&ls| ^H-?-fe 

-1-?)^ ^-fi-^l "113.31* ol-g-SM A o v 7l °]EiSl a. ;*H<H» ^1*V S<=* Sffe °J^e] a. £SJ 

a o v 7 1 efl^l^Eio)| o]g|) SS.^L^^ 2^1 42} ^7] -8 # ^ FRAM ^ £1] °) s) oj^li 

^MAjit °jEiel a. afloat T»-«l«-a. ^ #-8-*I*ll ofliel-t 

3. 

2%H) -8-71 s-1 «- H-S-^ efl^l^E^ 

eHS 'tis. 2 !-, ^ °vHl°ll- <y°1)oll- a]J: * &| ^ a1s<H| ^-fr s^s)-?] ^ 

££a^ ell^l^Ei ^H-t-; ^ 

°1)-5LS] ^H]5]-J1, <$7] e|o]e ^oj AJ^ Aj 7 ] 4 #£flo)E Aljr, ^« olo)|c>l-a a] Jr. * o) 

44 HSZL^S) XI jr-g. ££3^ efl^l^E-l cHEflo)!- ^-Hl*^ M.^ 0_£_ ^ 

-8 °]-§-«- °Jel3ii *lH *8*1. 

3^*8 4. 

^1 3%H| $1°]*], 

•8-71 -S-flt^ ?lElel H. a^^ig efl^iEi^- S)-^ "3^ A o V 7 | el^AlJrS. A o V 7 ] ai)<g Zflxl^E) ^1<H^-<H] f. 

^Sfe SIS.-?-* C] ^-Hlfl-# S>fe »?)lHj ^-a-^^l ^iS-Ell- "?1E1E1H. *)H *8*1 . 

^71 E|o|e °]oflo)-H. Aljr, aJ. 7 | ^ oloflo]^- A] 5^ Aj-7] ^3) olofloj-a. Aljr ^ Aj- 7 | S^aI^ feel "S^fe feE ] 



A j-7l feEl-¥-2l #^Al3ro)l CH-S-SV^ -8-71 #3 <?1°1H1- ^^^S Aj- 7 ) ^AjJ^ 

n)ls.a|-I- °] -§-«}• °]E-)eltL ^]<H 
^1 5*8^1 

A o V 7l feE]^-^- -8-7) ^ ^Hlo)!: ^IJl ?3 ^7) E)-o)E olollo)-g- A]J:7> 5_^-<y -8eHoiia^ a o V 7 ] ^ °J^o]^- ^5:71- 

-87] A) 01^)0)^. A) Jr nl ^7] e).ole ojollol^- Aljr ^ ajo^S. §}M-7> ^Ols>^ AJ-7) e] >J1A1 

3L7J- oj^ol^. 4^05. Tj-B-^^l nllaEll: ol-g-sv oieie] a. ^H|cH ^1. 

^11 5*8 SE^ ^11 6*8°fl SI<H^. A 87l fesl-?-^ 

A o V 7l E]-o|E o]cH|ol^. Aljrsf A o >7| ^] o]o)lo|^- AlJrS. ^of ^^1-^ ^1 1V.oHI°1^; 

-871 ^ lic^loleo^ ^.aAlJraf a o V 7 | °l°\}o]^ AlJrS. oj c Aj-ef^. *fl lofl^TllolE; 

-871 ^1 1^0)-7ll0)E0| ^34A1J 1 _ BV^^ A o V 7 j £)AjlAlti: ^ Aj-7) S# 7 D V^}JfO^ ^^Al^ ofl c ^ <j). ^ 2 

°J1H.711o)es. ^-H]fl-^ ^jo S . sHf 1:^^-8 78-a-^^l °1|S-El§ ol-g-t!: °Je-)e1 a. 
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sf-b 7 <Hi-3i*l] "faal* °l-8-tt 

9. 

Aj-7) JHdJ} ^7] ^!±S) -tfsJH ttfef *| l^JELTflol e °1 ^a) jts. a}^ 0.3. t^sHf; 7 fl 2^*7))o)e ; 

^7) %^Ht %-7) ^±2\ ^Eflo)) uJ-E}- aV*i=) ^-7) afl l^*7i)ole^ ^BjAl^-g. Ajenaj W^}^= 3^*^)o) 



^-7) 3^*7)10)5^ #^aij:2). a o > 7 i ^^aij:^. uflc^Aj.^^ 2\a^7flo)E ; 

^7) #7.js). j=- 7 ) Alio] Aj-EDofl a o v 7 ] ^| 2\« = 711o)e o] faAiif ^§13 #3*Rr 4*i*7)]°lB» ? 
f^^S 5>fe 7 <Hf3i*tl o] -§-*}- olEjB] H. 7lH 

10. 

all 5*oH) 5tM A 1, ^7) 7J-^^^ 

^£-21-1- ^1-8-?!: ^elM #*1. 
^T 1 * 11. 

^ 3*<H1 xl°H, a o v 7 ] n^.^ efl^l^El ^H^fe 

#7] ^^TOJ: ^ #7) cflolEl-l- °HH.<3-t!-s}fe 4°JiH.7H)c»lE; 

A o v 7] 4 4<?H^7lloleoj H ]av^ ^)<ae}-fe *H 1*1 <*)-?-; 

Aj-7) ^1 4<?«H.7lloieoj faAlio|^ 7 ] ^ i^l<g«.o| t^Ajif ^ O >oi Aj-s].^ ^ 2^o)-7l]ol s ; 

4 V 7l afl 2^°)-7llolE O] ^O^e].<^ A 0 V 7 | 2].olE ^]o] Ajlf #^§>^ afl 2*1°!-?-; 

-*7l afl 2^1-7)1 Ol EO] ^aAj^fil- Aj- 7 ] 3).^ Oj ^fAjif ^O^AVsl.^ ^1 3^0}.71101E; ffl 

^-71 afl 3^Wlo]E2i *l<asf°i ^-71 ^ #efloiE #^*l-b afl 3*l<a-?-# ^«)«-^- -° 

^ sl-fe *fl«-1§ Tj-8-^^1 ^lasll- °l-§-t?- ft*]. 

^=f-s^ 12. 

afl 3*oH] 9X°]^. A o v 7l efl*liEi oieflo)^. 

ojollol^. Al^sl 9jollol^-Al *i^*i < 3-fr 1-^^)71^ #^ ^rt7V; 

SSa^ ^i^i^Eia) ^^o]] 3 ii 7l#s. ^-i^ ^^£l<^ A o v 7l ^ L: f-^7)-^.-f-El <?]7l-£lb *}<y-^g- ^-^^ 
^71 e}o)e ^i<^ Ai^ofl afev a o v 7 i e^Ai^ ^ ajie aj^s. a 0 v 7 ] a£2^ efl^l^Elsl ^^1 e]-o)E oj 
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#71 € i-eflolB #5: <H1 44#7l *3.mg H)X\^b\$] 44°1) 44 44 4^)4 ?1 4 ^-if^^l TIN 4 £•)-¥-: 
#71 #4* 4°iH-& #3121 4*1)4-1-4 3*)44-§r #44^1 7) fe fcff ?fi^; * 

#71 £52^ efl^l^EiSl o^cfcH] a.^.^ 5^1= 4434 #7l #4* ^d^V-SL^I < ?l7}E|fe 4°Mr ^ 

a| 2^*-¥-» 4344 f^'is 4fe #fl44 #-8-3*11 "Hs.31* °144 44 3 h ^<H #*1. 
13. 

447)1 si £ E] g a* ^4 *)-4 <S 3 ig 3. FRAM 4 ell o) ; 

oflS.e] 433 u. ^Hi- sjE-f- =5.ZL^e)-ji, = .§lzl»<4 2H»11 43 #7l 43 «gH FRAM 4 314 4 4 £-31 
^ ^st 4^4fe "113-3 433*. ^H-t-; 

#71 "S3 iga FRAM 43]44 #71 °)lS-3 433 a ^144 44°114 #3 cflolEfl- UL44-7) $14 3^1- 434 

* f^ios 4fe 4?14-4 #44*1) »ll-S-3» 4-8-4 433." ^14 #4. 
^T 1 * 14. 

7)1 13*ofl 444, #4 447)13 -gE) H$£Lfe 

44 s.^^ ^144^ 447)1 3 FRAM "S3.; 4 

#71 447)13 FRAM «SH33 #3. 4^.3)^4-1144/711443-1: 3^4-4 44 ^1 13^1- 44#-tr 4^-2.5. 4 
fe #44^1 °1].sl3« 444 43 3 «- *1H #*]. 

15. 

*11 l3#oll 444, #4 447H3 43 «§34 

#4 7fl 14^# l-sil #4 447)13 FRAM1S33 433ii ^44 7,1)44^ 44 711 i«l)J2.3 433 ^HYt 4 
^34-§r 44 «-?144 7j-44^1 "H513-I- 444 °JE^a ^ #*1. 

^*J-16. 

Tfl 134 £4 ^1 15#°11 444, 

#4 433J1 71144 4 #71 7fl iDfls.el 435lti 71144 444 

748-4*11 o]^4 #4 433Ji 71)41- 44 ias.* i^zL^Rr *444 443-* 

Bfl*l iE); « 

#71 lrfl44 433-feL efl^EH 4«fl 5.5.^.^4 44 #7l 44 B i3. FRAM 4 3143 4-^31 

^ 4^44 44 7fl44^» #^44 443 «. 71)44* 444-1- 4fe *fl^# #44*11 °11S- 

3* 444 43 3.M. 7fl4 #4. 

17. 

7fl i6#oll 444, #4 443^- B.s.=l^ Efl^l^Ei^ 

40IB 4o))oi^. 4^4, 4 4°11 0 1# 45:4, #^ 4°H°11- 43- ^ 3- i i#3°fl 44 ^4471 ^ 

4 ^431- #^44 SS-^d 4 3 434; 

#71 ^^43, <y« d|oi4 4 4^4 4 4#431- fee] 444^ 4°m 7i)4 43 4 #efl°lH 43» #^44 
HS^b»_5113^4 7fl44; 4 

7 0 t-44^1l ^1-SLEl i7fi- 434^, #4 4°m 7114 43, #4 -i #511o)e A13:, 4°H°11- 43 4 #44 4 
41- 43°11 44 =5.^-^4 3-^ 431- #^4fe £113^3 4s11°ll- ^ul^-fr 44 *?14 

^ 444^11 "11.E.4* oj^-ev 443-* 7fl4 4^1. 

18. 

711 17%H1 444, 
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#7l 1-?] ff*j <?]E^el U_ Efl^l^E-l^ 5}-£| <S A 1 #7l B-l ^ ^1 S# #7] «H <g + *]]°]^°\} # 

el-ifl ai5LJfi- c| ^n|ti ^J°£ SV^r °jEiel a. ^fl^ #*1. 

^t 2 -^- 19. 

t1| 17#*11 5U°1 A 1. #7l ^bI-S-tt 

#7j Bl-olE OJ^OI^- A}Jr, Aj- 7 ] ^ 01^)01^- Al^ Aj- 7 ) ^ gj °]°fl°l-lr A] J; ^ Aj- 7 | El^AljT-g. ^ ^ Aj-^^ fe e) 



#7l #<N ^IM!- ^iifil ^l5>fe is] £^ #*l-¥-# ^w|#-fr §1-^ *?) Tj-o-^ufl "fl 

5L&11- °l-g-<& -?]Eiel a. 7lH 

31 t 1 ^ 20. 

^1 19^-^1 5U<>M. 

#7l fcel-^-fe a o v 7 ] ^ o)olH-g- ^ #7l efol^. ■?]<>flo)l: -iiS.7} #eH1 a 1 #7l #=j <JHH-|: #3171- 

#as]jL, 41-7) ^ °HM1- a) j: « ^- 7 ) ej-oje °loi|o)^- Aij: ^ c^- s>q. 7 > ^o]^ ^o)§i-^ a o v 7) ^a] 

5.7} ^1 °1 W ^-i" ^"^-2-5. ^ ^S.E)S. oJ-g-Sl- o]E^B] « 7l)o] . 

21. 

19# Sfe ^ 20#°fl 5U*1 A i #7l feel^-fe 
#7] <?H 0 11- #:£4#7l ^ <iH°l-I- #5M- ^V'S-tVsl-fe ^ i^o^oi^; 

<#7] l^°}7])o]^9) #ajAlJ: t Aj- 7 ) e)Aj)AlJr « Aj- 7 ) ,0^ £ ^ #^a]^=- ofl c ^SRr Tfl 2 

^^TflolE^. ^-H)^ f^JOS *fl«>3 7j-°-*Ufl n)la.e|» o}^-*}- olEl^U. 7 flc>l . 

^-p-^ 22. 

X] 19*<H ft*)*], #7l ^H^fls) #^#1-* ^hisvji, 

#7l ^7H2] $^#-S-^r cfl^E)- °j ^ bz.B.2± ^B.7} ^S. -f-«fl A o V 7] "^^ A lJl7> # 

as]j7, Aj-71 ^e)^-^Ei °)7}5\^ #^S(- -^71 Aj^ofl trfBf Aj- 7 ) o]ofl 0 l|. Al^o^ ^^^.^1^^- M. 

^<lsL s}b 7 0 v°-^^| pfls-e)^- oi-g-*}. olE-leia 

23. 

^1 22*J-H1 ii<H A i. A o v 7| ^7H2] 

A o V 7) %^S)- ^71 Al^o] ^VEflc,) ,4^ ojgj aI^s A|ajaj O.S. f^sm ^l l^i*7i|olE; 

A 0 V 7) ^1 l^^TflolEO^ #^A)^ ^ A 0 V 7 | ufl S <gA).^ 7fl lufl^^olE; 

#71 #Aj^ Al^O^ A 0 V Efl0 )l ^ 711 l-Jl^7llomel #^A] J^S. A} IB* O.^. #^§>^ ^1 2^1*7llC»lE; 

#71 «-^3}- ^-71 Al^O] Aj-Eflofl ttJ-B} HV^^ A 0 V 7 ) ^| i^^TllolSO^ ^^A]^ AlElj* #^S>fe 7 fl 3^^7flol 



#71 7fl 3*d*7)l°imai %-mi3L3±^7} el^iAisl- ^H^-tH^ ^1 2^?)}°} S; 

#71 *^3j- -^71 Alio] a^eHo)! ccl-e} Aj- 7] ^i 2\HH.7llol eo^ ^^ai^^. Ajaj* o.^ 7l | 4 ^^ 71 |o]e 1 - 

u l#* ^xr Tj-o-^^i pfla.&ll- oi-g-ev o]Eiel u. 4|<H a J-a1. 




24. 
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*fl 19%H] %o]a^ ^7] slu\ #*l^-fe 

-&-*i*11 nfliell- °l-g-*V e]a. afloj 
^^-25. 

A 17* 0 H1 5^1, #7l isa^ Efl^I^Ei ^flo)-^-^ 

^7} x]} 4^ = 7)1 olS^ #3?-§- ^l^sffe 1^1 <3-?-; 

#7) *ll 4<$B.7\\o] j= o) ^ai^s]- a o v 7 ] 3| i 2} fSAiit it^^sl-fe *ll 2i-oW|olJE; 
*1) 2^W)°1S^ ^Td^M #71 e]-o)E f^sH- Tfl 2*1°^; 

#7| *)1 2^Wl 0 t^^ #3^5^ aJ- 7 | b)-^] ->] icol-'?!^)-^ 7)1 3ic°>7i|olE; 

^■71 *fl 3^o>7))ol eol ^Ai jr-a aj-xj ^}<ag]-^ Aj- 7) ^ ^ e1 ]o| e a) j:-. f^*}^ 3*1^-1- ^u]«-§- ^ °- 
5. u)li^# oi*^ <yEi^u. 31<H #*1. 

3^-26. 

*1) 17* C H1 SJ<>H, #71 =£2^ efl^l^El o^efloife 

#71 ^j:^ °d°iMi-^ *d #^i7i^r t 1 *^; 

#7l efo]E 3|oi ai^o)] aj-ef av 7 ] eI^a]^ ^ ^ie aijts. a o v 7] h^sj a]^}^]9] -y^l b}o}^ o) 

#7| -S #eflo] e a] s_c]} 4e)- a o v 7 ] efl^iEie) <£cH| ^<y- ^ tM,§A)7i^ 7j-S-*I*1] 

Aj-7] §4° <d°fl°1-|- aij^ o)ofio)-i.Ai ^l*d<#& «4^^l7)^ #44- 5? 

#7l ?fl^)^ElS] ° 0 tc^o)l ?H»S -d^SM #7] ^fix}£^El ^Slfe ^^-§- ^ 

*«Kr *1| n^lS-fr ^^'^ sHr #31^8 #-B-^*1] "fls-el^ °l-§-*i- -ye-lem ^]<H ^1. 

^7lj2] ^e] ^3. "ilE^elu.!- ^-alsl-Ji. J4-z|a) -£e) ^a. o]Eia)u.^ 4-?)^ ^-^-^^I ^l-S-sH- i^V^ "il-S- 

E] ^lE^e) U ^l^S. ^ 3 c| Sj-tJ^, S = <^| l4E|- O^cefli ^El °1E-1 

s) a. FRAM °] 2fl °] ; 

n)|2.El ^Hai^o)) ccj-e)-4V 7 ) ^E) B(S3 ojelsla. FRAM ^eflole] 31 o] EJ-/3H a) zl/o] j= eflit ^ej^o.^. ^^g)- 
>a-7l >gE) tlE-jel j± FRAM °1 ai] °1 A o v 7l ^)S-El ^l<H-f-2f c-llo]E]-l- ZLQ*\-7] tH^-f- t 1 ^^ ^ 

5}-^ 7j-^.^5fl DflS-Ell- Ol^.*V ^E)^ U. 31CH AJ-A] 

28. 

7fl 27*J-o)l SI^^I, -#7] ^El <yEl&l h. FRAM oJeiM^r 

^tt^I^] °flS.e)l- ol-g-Sl-a] o]E-)El U. 3loll- °)ev 2£| h 5_n^ ^ °dEiE] a. n^n^" Efl 

^I^Ei; 5J 

#71 "?! El El U. £11^ Efl^^E-loll SlSfl H S co)| Aj- 7 | c e fl ^ 7g ^S. *£7$t;\ 7 } ^ ^| 
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<H'di» *11<>l-¥-» fcfl'SMd tf-fr^afl ^lS^S °l-§-?!- -a^lii *M 

^^••^•29. 

#aimj 7 i-a-#*fl D Hs.eii- °i-8-«m. sa^fe tmo]q/jmo)/o]£.in£ : <n ^ °}ei&i «. ss.* 

<#7] s-fls-^ ^lEis-iu. 31*|^e-h aisfl =s.n^^ a = oi| ss-^Ha] u 53.» ^ u l^^ "flaei =H °1 

el|o)sl ojjE.elli £^s]-7) z1H-*15l» #3sHr ^lEleq a. afloat f^o S sj-fe 
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